ABSTRACT: Winter flounder were exposed to sediments contaminated with Venezuelan crude oil in 3 laboratory experiments of 4-5 months duration. Two of the experiments were conducted in summer during the flounder's feeding period and 1 during winter when they do not feed. Mortalitles were observed in all experimental groups during summer, but were considerably greater in flounder exposed to oiled sediments than in those in un-oiled controls. Oiled sediments aged for a year remained toxic, although less so than freshly oiled sediments. No mortalities were observed during winter. Feeding rates were considerably reduced in flounder exposed to freshly oiled sediments. The aged oiled sediments had little or no effect on feeding rates. Control flounder showed greater increases in weight and condition than did exposed flounder, and flounder from aged oil revealed a greater increase in condition than did those exposed to fresh oil. Since winter flounder are obligatory residents of habitats which could become contaminated with oil, these results suggest that in the event of such an occurrence the winter flounder's ability to grow and store enough energy reserves to survive the winter could be reduced. It is suggested that the oil acts as a nonspecific stressor, which in conjunction with the high summer water temperatures and the effects of captivity resulted in significant mortality.
INTRODUCTION
Winter flounder Pseudopleuronectes americanus are found throughout the year in inshore areas of the east coast of North America (Leim and Scott, 1966) . They generally inhabit soft muddy and sand-gravel bottoms at depths of 1-40 m and tolerate highly varying regimes of temperature, salinity and oxygen concentration (Klein-McPhee, 1978) . The close proximity of the winter flounder's habitat to the shore makes them very susceptible to a wide variety of environmental contaminants of land, river and oceanic origin. In addition, their habit of burrowing into bottom sediments (Fletcher, 1975 ) and ingesting sediment material while feeding (Levings, 1972; Fletcher, unpublished) increases their exposure to contaminants which may not be a part of the water column. Therefore, since winter flounder are dependent on inshore areas for food supplies and spawning areas they may be unable to avoid exposure to environmental contamination.
A number of field studies have demonstrated that petroleum hydrocarbons may remain associated with marine sediments for years (Keizer et al., 1978; Mayo et al., 1978; Owens, 1978) . Recently, Weber et al. (1979) found, in laboratory experiments, that juvenile English sole do not avoid oil contaminated sediments. McCain et al. (1978) have also demonstrated that this fish can accumulate petroleum hydrocarbons from experimentally oiled sediments. In addition their data suggest an enhanced weight loss and reduction in food intake by oil exposed flatfish.
In natural populations of Newfoundland winter flounder, growth during late summer and fall is largely confined to increases in condition with little or no increase in body length (Fletcher, unpublished data) . The increase in condition during late summer is the result of the build up of necessary energy reserves to enable the fish to survive the winter non-feeding period, and in females, to complete the development of the ovaries (MacKinnon, 1972; Fletcher and I n g , 1978) .
The present study was carried out to examine the toxicity of sediments contaminated with crude oil and their effect on feeding and growth of winter flounder during feeding (summer) and non feeding (winter) periods of the fish's annual life cycle.
MATERIALS AND METHODS
Winter flounder Pseudopleuronectes americanus of length 25-40 cm were collected by SCUBA divers from Chapel's Cove, Conception Bay, Newfoundland (Fletcher, 1977) . They were maintained in laboratory aquaria (-40,000 1) under ambient conditions of temperature and photoperiod, for 1 to 2 months before experimentation. Sand was obtained from the sea floor (6-10 m) at Chapel's Cove. The geochemistry of the sediments in the Chapel's Cove area is described in Slatt (1974) . The sand was washed with seawater and dried at room temperature. Venezuelan crude oil was thoroughly mixed into the dried sand (1 1 oil per approximately 45 kg sand). The sand, control or oiled (45 kg), was added to 300 1 aquaria to give a bottom layer of sand approximately 5 cm deep. The aquaria were supplied with air and running seawater (4-5 1 min-l) at ambient conditions of temperature and photoperiod. Experiments were performed from August 7 to December 19, 1978 , February 5 to June 25, 1979 and July 24 to November 7, 1979.
The experiments initiated in August 1978 and July 1979 were conducted in outdoor aquaria. The experiments initiated in February 1979 were carried out indoors. All experiments were conducted under ambient conditions of temperature and light. The outdoor aquaria were mounted in pairs, one tank approximately 60 cm above the other.
Two control (top and bottom) aquaria and 2 oiled sediment aquaria (top and bottom) were set up on July 31, 1978. They were supplied with water and air for 7 d before the flounder were added. All fish were weighed, measured and tagged for identification. Dead flounder were replaced by live fish up until August 21, 1978. Feeding was initiated on August 14. A measured amount of chopped whole capelin (less heads & tails) was presented to each aquarium daily. Twenty-four hours following feeding, all remaining food was removed, weighed and the amount eaten by the flounder computed. Feeding was discontinued when most of the fish had ceased to eat (October 15, 1978) . The experiment was terminated on December 19, 1978.
The sediments were removed from the aquaria during January 1979 and washed with seawater. These aged sediments were used to carry out the February-June experiments. No new oil was added to the oiled sediments. One control and 1 oiled sediment aquarium was set up and supplied with running seawater and air in mid January Winter flounder were added to the aquaria on February 5, 1979 and maintained without food until June 26, 1979. These fish were not measured or tagged prior to the experiment. Following termination of these experiments, the sediments were again removed from the aquaria, washed and used in the July-October 1979 experiment.
On July 17, 1979, 3 pairs (top and bottom) of aquaria were set up; 2 contained control sediment, 2 sediment oiled on July 31, 1978 (old oil) and 2 freshly oiled sediment (July 17, 1979) (new oil). The aquaria were left for 1 week prior to the addition of the winter flounder. The flounder were added on July 24, 1979. These fish were not weighed or tagged prior to the experiment. The experimental fish were fed 3 4 times week-'. The experiment was terminated on November 7, 1979. Food consumption (g 100 g-' body weight) was computed on the midpoint between the initial and final body weights in the August 1978 experiment and the final body weights in the August 1979 experiment.
Estimation of the concentrations of oil in the sediments were made by fluorescence spectroscopy (Hargrave and Phillips, 1975) .
Condition factors were computed from the relation C. F. = Body weight (g)/length (cm)3. Statistical comparisons between treatments were made using Student's t-test.
RESULTS
The changes in water temperature of the aquaria during the course of the experiments appear in Table 1 . A thin film of oil could frequently by seen on the surface of water of the oiled sediment aquaria in 1978, spring 1979 and the 'new oil' experiments of summer 1979. An oil film was rarely seen in the 'old oil' experiments of 1979. Apart from the oil content, the oiled sediments did not appear to differ from the controls. A distinct odour of sulphide was associated with both of them.
The mean concentrations of oil (py g-' dry sediment) in the sediments were as follows: August 10, 1978, 4300; September 30, 1978 September 30, , 2300 January 29, 1979, Mortality During the summer feeding periods most flounder were on the surface of the sand. However, in the fall, Mortalities were observed in all of the aquaria dutowards the end of the feeding period the flounder ring the summer experiments of 1978 and 1979 (Fig. 1) . frequently buried in the sand with only their eyes These were considerably greater in the flounder showing. During the winter most were completely exposed to the oiled sediments than in the controls. buried in the sediments throughout the experiments.
The data suggest that oiled sediments a g e d for a year There were no obvious differences between the floun-('old oil') were slightly less toxic than freshly oiled sediments. No mortalities were observed in the flounder exposed to oiled sediments during the winter months (February to June). mine the amount of food they were capable of eating. Therefore, the amount of food presented to each aquarium was increased until all of the groups left at least 10-20 % uneaten after 24 h. Food consumption from this time on (August 30, 1978 , August 20, 1979 represents the amount the flounder ate when presented with an excess (i.e. when fed to satiation). Feeding rates were highest during August and early September; they declined to near zero by October 15, 1978 and November 5, 1979 . In the 1978 experiments the feeding rates of the flounder in the upper (top) aquaria tended to be greater than in the lower aquaria. The flounder exposed to oil consistently ate less food than did the controls (Fig. 2) . The total food consumed by the oil exposed group during the ad libitum feeding period was approximately 60 % of that consumed by the control fish (Table 2, Fig. 4 ) . In the 1979 feeding experiments, the flounder exposed to the aged oiled sediments ('old oil') ate only slightly less than the controls. However, the flounder exposed to the freshly oiled sediments ate considerably less than both the controls and the 'old oil' group (Fig. 3) . The total food consumed by the oil-exposed groups during the ad libitum feeding period was approximately 90 % ('old oil') and 45 % ('new oil') of that consumed by the control fish (Table 2 , Fig. 4 ). 
Growth and Condition
In the 1978 feeding experiments all of the groups showed increases in body weight during the course of the experiment. The weight increases in the upper (top) aquaria groups were greater than those observed for the flounder in the lower (bottom) aquaria. Both of the control flounder groups (top & bottom) showed greater increases in weight than did their respective oil exposed groups ( Table 2 ) . No significant changes occurred in the lengths of any of the experimental groups.
Condition factors increased in all but the bottom oil group of the 1978 experiments ( Table 3) . The greatest increase occurred in the top controls. Both of the control groups showed a greater increase in condition factor during the experiment than did their respective oil exposed group (Table 3, Fig. 4) .
Initial body weights and lengths were not measured in the 1979 experiments, therefore comparisons between groups can only be made with respect to condition factors at the end of the experiment. Condition factors did not differ significantly between any of the oil exposed groups and their appropriate controls in any of the treatments. However, in both the top and bottom aquaria groups the mean final condition factor of the controls was greater than in the 'old oil' group which in turn was greater than the 'new oil' group (Table 3, Fig. 4 ). Holmes et al. (1979) emphasized that petroleum may act as a nonspecific stressor. In their study they found that Mallard ducks could consume considerable quantities of petroleum without showing any obvious effects. However, when these birds were subjected to a mild cold stress in addition to the petroleum, a significant increase in the mortality occurred.
DISCUSSION
The lack of mortality in the flounder exposed to the oiled sediments during the winter months contrasts to the apparent relatively high toxicity of these sediments during the late summer and fall. Since winter flounder possess a number of physiological and behavioural attributes which enable them to exploit habitats characterized by low water temperatures successfully (Jeffries and Johnson, 1974; Fletcher, 1977; KleinMacPhee, 1978; van Guelpen and Davis, 1979) , it may be that the summer water temperatures approach the incipient lethal level (Fry, 1971) . If this is the case, then many of the factors which would be associated with captivity (confined space, shallow aquaria, air stones, feeding and removal of uneaten food) may act as stressors which, in conjunction with the seasonally high water temperatures, result in mortalities. It may be that during summer, captive winter flounder are in a very precarious physiological state which renders them unable to tolerate the additional stress of crude-oil exposure. The interrelationships between abiotic fac- Condition factors were computed from the expression body wt (g)/length (cm)3 Numbers in parenthesis indicate probability values from t test of differences between initial and final condition factors ' = P < 0.05 compared with control values. N = number of fish tors, such as temperature and salinity, and the toxicity of cadmium and various other toxicants has been discussed by Vernberg and Vernberg (1972) and Theede et al. (1979) . Despite the fact that the aged oil was lethal, it had little, if any, effect on the feeding rates. This lack of effect on feeding could reflect the reduced oil concentrations in these sediments, or a change in the composition of the oil (Ho and Karim, 1978; McCain et al., 1978; Roesijadi et al., 1978) .
The 1978 feeding experiment clearly indicated that the oil-exposed flounder did not increase in weight or condition to the same degree as did the controls. This effect is probably a result of the reduced feeding rates of the oil-exposed group. In order to reduce the amount of stress, the 1979 groups were not tagged, therefore individual increases in weight and condition could not be computed. Nevertheless, the consistency in the results between the duplicate experimental groups with respect to food consumption and condition factors suggests that the oil-exposed groups did not increase in weight as much as did the controls. Since winter flounder are obliged to store energy prior to their winter non-feeding period, any reduction in feeding during the time when these reserves are being laid down could limit the flounder's ability to develop gonads and survive the winter.
